Using this instrument, left ventricular echograms were initially recorded on a group (I) of 23 subjects with or without heart disease and the study was repeated 8 hours to 49 (mean 7) days later by the same observer and also, in 16 cases, by an independent observer. The average values from 2 to 6 (mean 4) heart cycles were usedfor the left ventricular end-diastolic dimension (Dd), end-systolic (Ds) dimension, and their difference (AD). Differences in all three variables between studies were random and statistically insignificant, never exceeding 3'5 mm for Dd or Ds, and 4 mm for AD.
Identification of echoes originating from the endocardium of the left ventricular posterior wall and from that of the left side of the interventricular septum permits measurement of the left ventricular internal dimension throughout the cardiac cycle. Several investigators have previously validated the use of this single dimension for the noninvasive determination of the volume (Popp et al., 1969; Feigenbaum et al., 1970; Fortuin et al., 1971; Pombo et al., 1971) , output (Popp and Harrison, 1970; Pombo et al., 1971) , and performance (Paraskos et al., 1971; Pombo et al., 1971; Cooper et al., 1972; Fortuin et al., 1972) of the left ventricle. Since it is sonic transducer applied on the third or fourth left intercostal space, represents adequate constraint limiting the area of the left ventricle from which measurement of its standardised internal dimension can be made (Feigenbaum and Chang, 1972) . Our experience and that of Popp et al. (1975) , however, is that this requirement does not always ensure that the same left ventricular dimension will be recorded. Fig. 1 shows 9 left ventricular echograms obtained by one observer, from a patient in the supine position during one study period. It was possible to record echograms from the third, fourth, and fifth left interspaces parasternally. From each interspace three echograms were obtained by varying the angle of the transducer. All 9 echograms showed echoes from the endocardium of both the left side of the interventricular septum and the posterior left ventricular wall, and presented evidence of the mitral valve apparatus within the space of the left ventricle. There were distinct differences in the values obtained from different interspaces or from the same interspace at different angles, reaching 19 mm and 13 mm for the end-diastolic and the end-systolic dimension, respectively. This report describes the results of the use of an instrument designed to improve the reproducibility of echocardiographic determination of left ventricular dimensions.
Subjects and methods
Using the instrument described below, echocardiographic studies for determination of the internal dimension of the left ventricle were conducted on a group (I) of 23 subjects (study A) and repeated 8 hours to 49 (mean 7) days later by the same observer (study B), and also in 16 cases by an independent observer (study C). Eight of these subjects had no overt heart disease. The remaining 15 subjects were patients with heart disease selected on the basis of two requirements: (1) that in all studies they were in normal sinus rhythm or sinus tachycardia and (2) that no cardiac treatment was started, discontinued, or modified in the interval between studies. Data concerning age, sex, and diagnosis of the study population are listed in Table 1 .
In a separate control group (II) of 14 subjects, left ventricular echograms were obtained in the supine position using the standard method with the mitral valve as an internal landmark (study A) and repeated 8 hours to 11 (mean 3 8) days later by the same (study B) and also by a separate observer (study C). In none of these studies was the instrument used or the scanning method employed. Seven of these subjects had no overt heart disease. The remaining 7 were patients with heart disease 67 (48) 69 ( The surface of the plate is divided in centimetre squares so that any point on it can be identified by its co-ordinates on the X-axis (right-left) and Y-axis (head-foot). The scale of these axes is marked along the corresponding edges of the plate. A special telescopic pointer (Fig. 4) , constructed in our labroatory, can be firmly attached to the back of the ultrasonic transducer and manually expanded along an imaginary extrapolation of the central longitudinal axis of the ultrasonic beam. The board, covered by a sheet, is placed on the examining bed' whose surface is hard enough to prevent sagging. The subject to be examined is placed on the board with the long axis of the body parallel to that of the board, as checked by visual observation, and the head supported by a small pillow. The metal poles are screwed into place, the plate is placed on top of them, and the system is ready for use.
In the first study the transducer, with the pointer attached to it, is applied on the sternal end of the 4th or 5th left intercostal space with firm and steady pressure, and all necessary adjustments in the direction of the transducer or the gain and depth compensation controls are made until a technically satisfactory left ventricular echogram appears on the oscilloscopic screen. When the picture is about to be taken, the examined person is instructed to remain still and breathe shallowly, and an assistant manually "'WALK-OFF' Physical Therapy Treatment The picture is then taken at the end of a passive held expiration, and the point (C) on the anterior chest wall where the transducer was applied is marked by indelible ink for use in subsequent studies. Before the restriction on movement is removed, the transducer is placed perpendicularly1 on and pressed against the inferior surface of the plate, and moved to a position (marked on the plate as point A) so that the tip of the expanded pointer coincides with point C marked on the chest. Finally, the co-ordinates of points A and B on the plate are noted for future use. In subsequent studies the reverse procedure is followed. First, the points A and B are marked on the plate using the co-ordinates noted from the first study. Then the subject is similarly placed on the board and suitably moved until the point C on the chest comes on the vertical line passing from point A of the plate, as checked by use of the pointer as described above. From that moment until the end of the study the examined person is instructed to remain still in order to preserve the correspondence of points A and C on the same vertical line. The transducer, with the pointer on it, is then applied on the point C on the chest and the pointer is expanded by an assistant until its tip comes into contact with the point B on the plate and held there until the echogram is recorded after suitable adjustments of gain, depth compensation, and reject control that aim at improving the clarity of the echogram.
THEORETICAL CONSIDERATIONS Theoretical analysis of the structure and use of the presented instrument requires the following assumptions:
(1) That the central axes of the ultrasonic beam, the transducer, and the pointer lie on the same ' The perpendicularity of the transducer and the plate is ensured by the requirement that the whole of the rim of the concave emitting surface of the transducer be kept in apposition with the inferior surface of the plate. .:" 0"%Nth, group.bmj.com on July 7, 2017 -Published by http://heart.bmj.com/ Downloaded from straight line, termed 'ultrasonic line'.
(2) That in a relaxed person lying supine on a horizontal unyielding surface, and at the same phase of respiration and cardiac cycle, the chest with its contents represents a 'rigid body' in the sense that the distances between any and all pairs of points in it are constant (Goldstein, 1950) . Two corollaries of this assumption are (a) that the position of the heart relative to the thoracic cage is constant, and (b) that if a point (C) on the chest is perpendicularly projected on the common surface between the chest and the board at a point (D), the distance CD is constant (Fig. 5) .
The following analysis is based on the principle that the position of a line relative to a 'rigid body' is completely defined if the position of each, relative to an independent reference frame, is defined.
I: Definition of position of ultrasonic line
The system composed of the board, the plate, and the connecting poles represents a reference frame (X, Y, Z) in relation to which the spatial orientation of the ultrasonic line can be adequately defined and reproduced by use of the co-ordinates of any two points (B and C) on this line (Fig. 5) . Point B is completely defined by its two co-ordinates (X, Y) measured on the plate, the third co-ordinate, Z, being zero. Point C is also defined for the following reasons. Since point C (on the chest) and point A (on the plate) lie on the same vertical line (ACD), the X and Y co-ordinates of C are those of A and can be read on the plate. The third co-ordinate of point C along the Z axis is the segment AC=AD-CD; since AD (the distance between board and plate) is fixed and the segment CD is, for a given patient, constant (assumption 2b), it follows that their difference (AC) is also constant and need not be measured. Therefore, knowledge of the X and Y coordinates of points A and B alone defines the position of the ultrasonic line relative to the reference frame and permits its reproduction in the second and subsequent studies.
II. Definition of position of chest
The position of a three-dimensional object relative to a reference frame is defined by the co-ordinates of any three non-collinear points of this object. In the case of the chest, definition of only one of its points (C) is not an adequate condition to guarantee reproducibility of the position of the chest relative to the same reference frame. This is because, even with the point C fixed in space, the chest could still be rotated around an imaginary axis passing through point C and being parallel to (1) the X axis, (2) the Y axis, or (3) the Z axis, singly or in combination. However, the force of gravity and the presence of the board impose additional constraints limiting the degrees of freedom of movement of the chest. Thus, case 1 is obviously prevented by the presence of the board; case 2 would require determined muscular effort on behalf of the examined person to have one side of his body lifted from the board, which is not expected; and the requirement that the long axis of the body be kept parallel to that of the board prevents situation (3), unless the deviation is small enough to escape visual observation, in which case it is likely to be insignificant.
Thus, theoretically at least, the position of the chest, and (by assumption 2a) of the heart, relative to the reference frame, is reproducible. Since the position and spatial orientation of the ultrasonic line relative to the same reference frame was shown to be reproducible, it follows that the position of the ultrasonic line relative to the heart is also reproducible.
Results
A representative echogram is shown in Fig. 2 . The results from group I are listed in detail in Table 1 and graphically depicted in Fig. 6 . In this group, over a wide range of left ventricular end-diastolic dimension (35 5 to 77 mm), the differences in Dd, Ds, and AD between studies were statistically insignificant. Thus, comparison of studies A and B (same observer, different times) showed differences ranging from -3 5 to +3 5 (mean 0) mm for Dd; from -2 to +2-5 (mean 0) mm for Ds; and from -4 to +3 5 (mean 0) mm for AD. Comparison between studies B and C (different observers, same study period) identified differences ranging from -3'5 to +3 (mean -0'5) for Dd; from -3 to +2-5 (mean -0.5) mm for Ds; and from -2-5 to +4 (mean 0) mm for AD. Comparison between studies A and C (different observers, different times) disclosed differences ranging from -3 to +3 (mean 0) mm for Dd; from -3 to +2 (mean 0) mm for Ds; and from -3 5 to +3 (mean 0 5) mm for AD.
The results from group II are listed in detail in Table 2 and graphically depicted in Fig. 6 . As in group I, the differences in Dd or Ds in this group (II) as a whole were statistically insignificant. Yet, despite the somewhat narrower range of enddiastolic left ventricular dimensions encountered in group II (40 to 65*5 mm), the individual variations in Dd, Ds, and AD observed in this group between studies and between observers were occasionally unacceptably large. Thus, in comparing studies A and B (same observer, different times) the differences ranged from -6 to + 10-5 (mean 0) mm for Dd; from -6 to +8-5 (mean 1) mm for Ds; and from -7'5 to +7 (mean -1) mm for AD. When Comparisons between studies with significant difference in heart rate (see Tables) were omitted. were compared (different observers, same study period), the differences ranged from -3 5 to +7 (mean 1) mm for Dd; from -6 to +3 (mean -1) mm for Ds; and from -2 to +9 (mean 21) mm for AD.
Comparison between studies A and C (different observers, different times) disclosed differences ranging from -8 to +11 (mean 1.5) mm for Dd;
from -5 to +9 (mean 0) for Ds; and from -5 to +7T5 (mean 1.5) mm for AD. These data indicate that the use of the instrument is free of any systematic bias in one direction but are not adequate to document its usefulness since-except for ADsuch bias was also absent in the measurements made in group II where the instrument was not employed. In order to establish the superiority of using the instrument (group I) over the old method not using it (group II), the individual differences in Dd, Ds, and AD noted between studies A, B, and C in group I were compared with those observed in group II, using the non-paired Student's t test for absolute 'Statistically significant difference. differences from the mean. This test compares the degree of random variation (irrespective of direction) of individual measurements observed in one group to those obtained in the other. The results are listed in Table 3 . Thus, in group II where the instrument was not used, the average differences in Dd, Ds, and AD between studies A and B (same observer at different times) were 19 to 2'7 times larger (P < 0.01) than those found in similar studies in group I which had the benefit of the instrument. Similarly, the average differences between studies A and C (different observers at different times) seen in group II were 241 to 3-5 times larger (P < 0'02) than those seen in group II. In the case of comparison between studies B and C (different observers at same study period) the average differences in Dd, Ds, and AD in group II were only 1-5 to 1'7 times larger than those observed in group I, the improvement being statistically insignificant for this number of observations. These data indicate that, in comparison with the old method, the use of the instru-II 396 0 L group.bmj.com on July 7, 2017 -Published by http://heart.bmj.com/ Downloaded from Popp et al. (1975) . Their concept of the 'standard interspace' defined as the one that 'permits recording of the anterior mitral leaflet while the transducer is held perpendicular to the chest wall, with only slight medial but no superior or inferior angulation'-is a positive step in the effort to standardise measurements of the echocardiographic left ventricular dimension. Use of the 'standard interspace' by these investigators resulted in a small difference (O to 4, mean 0-5 mm) in left ventricular dimensions measured on duplicate echograms carried out during the same study period on 14 patients. However, data concerning the use of this method at different times and by different observers are not available.
The instrument employed in this study is inexpensive and its use prolongs the examination only for a few minutes. Its disadvantages are that (1) it can only be used with the patient in the supine position; (2) it necessitates marking the point of application of the transducer on the chest, for use in subsequent studies; and (3) 
